We have previously demonstrated that cultured rat thyroid cells do not exhibit constitutive expression of major histocompatability (MHC) class II antigens. Using reovirus types 1 and 3, we infected 1B-6 cells (a cloned derivative of the Fisher rat cell line FRTL-5), and found a dose-dependent induction of thyroid cell MHC class II antigen expression as determined by laser flow cytometry and FITC-labelled OX-6 anti-RTl.B. As the number of viral particles/cell used for the infections increased from 5 to 100, the number of antigen positive cells increased, in reovirus type 3 infections to 50%, and in reovirus type 1 infections to 15%. Kinetic studies indicated that MHC class II antigen expression continues to increase three days after infection. Viral infection and the resulting MHC class II antigen expression may allow presentation of thyroid antigen to the immune system and participate in the initiation of autoimmune thyroid disease.
Autoimmune thyroid disease in animals and humans is intimately associated with thyroid cell expression of MHC class II antigens (1) . MHC class II antigens allow the co-presentation of antigen to the helper T cells of the immune system. However, the specific factors which are likely to affect MHC class II antigens in autoimmune thyroid disease are uncertain. Animal models of endocrine dysfunction as a consequence of viral infection have been reported (2) (3) (4) (5) (6) (7) . However, the mechanism by which such viruses initiate endocrine autoimmunity remain obscure. Recent studies have indicated that the neurotropic murine hepatitis virus may induce expression of both MHC class I and class II antigen on murine astrocytes in tissue culture, rendering these cells competent to participate directly in the immune response to the viral infection (8, 9) .
The studies reported here were designed to investigate whether reovirus infections, which have been associated with murine thyroiditis (10) , are able to induce the expression of MHC class II antigens in rat thyroid cells in vitro.
MATERIALS AND METHODS Cell culture
The continuously proliferating, TSHdependent 1B-6 cells were cultured as previously described (11), using a 6-hormone supplement with Ham's modified F-12 medium, designated 6H, and including lmU/ml bTSH (Thyrotropar, Armour Pharmaceuticals, Phoenix, AZ). All cells were cultured in 5% calf serum (Gibco, non-TSH-depleted) and antibiotic supplements (100 IU/ml penicillin and 100 ug/ml streptomycin). Cultures were fed twice weekly with 6H medium and passaged every 10 days using the original chicken serum/trypsin procedure (12) .
Reovirus infection of 1B-6 cells
The 6H medium was removed from 1B-6 cells grown to subconfluence and infected with the appropriate concentration (MOI 5-100) of reovirus type 1 or type 3 (kind gift of Dr. B. Fields, Harvard Medical School, and Dr. T. Flier, Joslin Diabetes Center, Boston, MA). The petri dishes were rocked every 15 min for 2 hrs; the cells were then washed twice with 3 ml Ham's F12 medium, and
Received in Iowa City October 20, 1988 6H medium was added. The infected 1B-6 cells were then incubated for 24, 48 or 72 hours and harvested. Induction and detection of MHC class II antigen 1B-6 cells were cultured in 6H medium for up to 5 days at 37°C in 90% humidity and 5% CO2, in the presence of recombinant rat gamma interferon (IF) (a gift from Dr. P. van der Meide, Rijswijk, Netherlands) (100 U/ml). Rat MHC class II antigen-positive cells were enumerated using direct immunofluorescence and flow cytometry. Thyroid cell cultures were harvested and incubated for 45 minutes at 4°C with anti-rat MHC class II murine monoclonal antibody, MAS 043 (OX-6, IgGl, monomorphic) conjugated to FITC (Bio-products for Science, 1/25 dilution). The cells were washed in Dulbecco's PBS and subjected to laser flow cytometry at 200 cells/min to a total of 3-5,000 cells (Epics C, Coulter Electronics, Inc., Hialeah, FL).
RESULTS
When rat gamma interferon (IF) (100 U/ml) was added to 1B-6 cells for 5 days, approximately 90% of the cells became MHC class II positive (Figure 1 ) . Using such gamma IFtreated cells as a control, 1B-6 cells were infected with reovirus type 3 for 1-2 hours. Forty-eight hours after a 2-hour infection of 1B-6 rat thyroid cells with reovirus type 3, we found a 20% induction of MHC class II antigen-bearing cells and a further 20% increase by 72 hours (Figure 1 ) . This MHC class II antigen induction exhibited a dosedependent relationship. Upon comparison of class II antigen responses to increasing doses of virus per cell, it was noted that as the number of plaque-forming units per cell (pfu/cell) increased (from 5 to 100), the percentage of antigen positive cells increased (from 5% to 47%) ( Figure 2D ). When reovirus type 1 was used, the percentage of MHC class II positive cells increased to 17% at 72 hours (Figure 2A ). Since MHC class II antigen expression allows endocrine cells to communicate with T helper cells of the immune system, it is possible that reovirus infection may initiate autoimmune endocrine disease by inducing endocrine cell MHC class II antigen expression in susceptible animal strains.
DISCUSSION

Reovirus infection in vivo induces multiple autoimmune endocrine gland disease in rodents and our experiments demonstrated
In earlier studies, Onodera et al showed that reovirus type 3 could infect pancreatic beta cells in mice and cause diabetes (13) . When reovirus type 1 was used many different endocrine cells were infected and polyendocrine disease, including thyroiditis, was triggered (5) . Type 1 reovirus infection also leads to production of autoantibodies that react with antigens in the pancreatic islets, the anterior pitui-tary, gastric mucosa (14) and the thyroid (10) .
Further studies with reoviruses possessing reassorted genome segments showed that a type 1 sigma 1 (SI) segment is required for induction of autoantibodies to growth hormone (6) .
In the present experiments, we have demonstrated an additional capability of these reoviruses, namely, the capacity to consistently express MHC class II antigens in rat thyroid cells. However, the degree of infection was variable.
This may have been related to the cell cycle kinetics of the rat thyroid cells (15) , or the growth and infectivity of the reovirus strains utilized. Nevertheless, the present experiments demonstrate that a virus, perhaps one of many, has the potential to initiate MHC class II antigen expression in cultured thyroid cells. Such expression may attract thyroid antigen-specific and non-specific T cells to the intrathyroidal environment and initiate thyroiditis in susceptible animals and humans. 
